INTRODUCTION
However, in cases when it is true, it would be interesting to understand the
Another possible application is to the study of the singularities of the closures of nilpotent orbits. In fact, some special cases of Theorem 1.1 w x were used by Kraft and Procesi K-P1, K-P2 in the study of the normality of the closures of nilpotent orbits in classical Lie algebras.
It is easy to see that it is sufficient to prove Theorem 1.1 in the case of Ž w x. an irreducible dual pair see H1 . From now on we assume that the pair Ž . G,GЈ is irreducible. We will now recall the classification of irreducible Ž w x . complex reductive dual pairs, due to Howe see H1, H2 . There are two types of such pairs. Using any invariant nondegenerate symmetric bilinear forms on the Ž . Ž . orthogonal and symplectic Lie algebras ᒌ U and ᒐ ᒍ V , we can identify them with their duals. These identifications intertwine the adjoint and coadjoint actions of the corresponding groups. It is easy to check that one Ž . can choose these identifications so that the moment maps 1 can be written as 
Pairs of
s : W ª ᒌ U , w s w* и w, 3 Ž . Ž . Ž . Ј s : W ª ᒐ ᒍ V , w s w и w*. 4 Ž . Ž . Ž .
Ž .
Ž . As in the case of pairs of type I, we can identify ᒄ ᒉ U with ᒄ ᒉ U * and Ž .
Ž . Ž . ᒄ ᒉ V with ᒄ ᒉ V *. Under these identifications the moment maps 1 up to scalar factors can be written as
Since by for example Malcev's theorem see C-M, Theorem x. 3.4.12 nilpotent orbits are invariant under multiplication by nonzero scalars, Theorem 1.1 does not depend on a specific choice of scalars in the identifications of Lie algebras with their duals.
The proof of Theorem 1.1 will be done separately for each type of irreducible dual pairs. It is based on the classical results on the classification of nilpotent orbits in classical Lie algebras and on the classification of
x. K-P2 , is probably less classical. The following two sections contain all the results we need. The proof of Theorem 1.1 for pairs of type II is given in Section 4; pairs of type I are discussed in Section 5. called the parts of the partition . We will identify partitions that differ Ž . only in the number of parts equal to 0. The length l of a partition is defined as the largest i with / 0. i A partition is orthogonal if each even part of occurs an even number of times. A partition is symplectic if each odd part occurs an even number of times. XAMPLE. 7, 7, 4, 3, 3, 3, 3, 2, 2 is symplectic; 7, 4, 4, 3, 3, 3, 3 , 2, 2 is orthogonal.
NILPOTENT ORBITS IN CLASSICAL LIE ALGEBRAS
In the sequel we will use the following obvious lemma:
If is an orthogonal partition of n, then n ' l mod 2 . DEFINITION 2.2. Let , be two partitions. We say that dominates , and write G if for each i G 1 we have q иии q G q иии q . 
THEOREM 3.3. There is a one-to-one correspondence between the set of G и GЈ-orbits in N N and the set of all ab-diagrams containing dim U a's and
W dim V b's. The orbit corresponding to an ab-diagram ␦ will be denoted O O . ␦
The action of the moment maps on the orbit O O in N N is described by the
We will not go into details about the precise description of the elements of the orbit O O , as we do not need any such information. The interested ␦ w x w x reader can find more details in K-P1, Sect. 4 and K-P2, Sect. 6 . number of a's in the string ␦ , and ␤ is the number of b's in the string ␦ .
If ␦ is longer than ␦ , then ␣ G ␣ and ␤ G ␤ . Hence we may
assume that all the strings ␦ are of the same length. But in this case the i lemma is obvious. 
Nilpotent Orbits in W for
Remark. Lemma 3.4 is valid in the orthosymplectic context as well.
Moment Maps
w x Let us recall from K-P1, K-P2, Sect. 1 one more fact that we will need in the sequel. The first fundamental theorem of the classical invariant Ž w x w x. theory see W or G-W says that the moment maps : W ª ᒄ defined in Section 1 are quotient maps for the action of the corresponding group GЈ. In particular, we have the following lemma:
PAIRS OF TYPE II
In this section we prove Theorem 1.1 for an irreducible dual pair of type
We begin with a sketch of the main idea. Let be a partition of n. We define a partition Ј of m by setting X s q 1, 
Proof. It follows from the remark following Definition 4.1 that
by Lemma 3.7 the set Ј ᒄ ᒉ is closed and Ž . it follows that the relation = holds in 7 . It remains to prove the following claim:
Claim. Let be a partition of n such that F , and let ␦ be an
The claim follows immediately from the following two lemmas: X X s q 1 G Lemma 3.4 , so q иии q F q иии q for all
Proof of Lemma 4.4. Let F be two partitions of n. In order to prove that Ј F Ј it suffices to consider the special case, when and Ž are adjacent in the order F using the terminology of Kraft and Procesi, . when -is a ''minimal degeneration'' . Ž w There are two possible types of pairs of adjacent partitions see K-P1, p.
x. 229 :
Ž . Let -be one of the adjacent pairs listed above and let i s i . 
In the following we assume r ) 0. Let t denote the greatest index with Ž Ž . Ž . . the property / i.e., t s k q 1 s 2 in case A and t s j in case B .
Ž .
Ž . 
This ends the proof of Lemma 4.4 and Theorem 4.2.
PAIRS OF TYPE I
In this section we prove Theorem 1.1 for pairs of type I. We use the Ž .
The main idea of the construction is completely analogous to the case of a dual pair of type II. Given a symplectic partition , we construct an orthogonal partition o putting o s q 1 as long as possible, but the i i final part of the construction is more delicate, as we want to get an orthogonal partition of n. either r F or is odd and r F 2 q 1.
o o a if r s0, define s 0 and s 0 for j ) i ,
if r is odd, define s r and s 0 for j ) i , Ž . Ž . 
Proof. From the remark following Definition 5.1 it follows that

Ž . Ž . Proof of Lemma
s q 1 G Lemma 3.4 , so q иии q F q иии q for all 
Ž . o o
In case c we have s . As before s q 1 for i -i . If
Јg o , then there are two possibilities: either
As F q 1 s q 1 and F for i -i , ␣ implies s
is orthogo-
is orthogonal. This, together with the facts that Ј . . . , , l, l, lЈ, lЈ, , . . . , Ž . Ž . .
l is even, j y k y 1 is even, and j ) k q 1 .
Ž .
The above list differs slightly from the one given by Kraft and Procesi, as Ž . Ž . Ž . our case F contains their two cases f and h .
Let -be one of the minimal degenerations listed above, and let Ž . i s i . Let k be as in the classification of minimal degenerations, so it 0 0 is the smallest index with the property / . We will consider several k k cases depending on the relative position of k and i . 
In the following we always assume r ) 0. Ž . In this case -r F 2 q 1, so s , r y y 1, 1 . As F , . Ž . r y l , 1 and the same reasoning as in case 3 of case C gives the result.
This ends the case i s 2. Ž . is even. By definition, the same is true in case D , so we consider both Ž . cases together. By ) the only remaining case is that of even r. Hence
s q1, q 1, r y 1, 1 , and as -and q F q ,
In case C we have s l y 1, lЈ q 2, , and ass either r F or is even and -r F 2 q 1. happen only if X s q 1 for all i F i , but then for Ј to be symplectic,
X X has to be equal to as is even and then q иии q ) m
gives a contradiction. . . . , , l, l, lЈ, lЈ, , . . . , Ž . Ž . . . . , , l, l, l l is odd, j y k y 1 is even, and j ) k q 1 .
